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H A procedure for estimating the

; quantity of a particular kind of
airframe produced at a particu-
lar Soviet plant.

PRODUCTION AT AN AIRCRAFT PLANT
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The standard data required for estimating numbers of air-
craft produced by a Soviet plant are the model of the plane
and the approximate weight of its airframe, the floor area of.

; the plant and the number of shifts it works, and the approxi-

t mate date when production of this model began. A simple
1 calculation from these data rests upon average flgures that
have been empirically derived for bombers, fighters, and
! transports respectively expressing pounds of production as a
function of plant floor space: one need only multiply the floor
{ area by this factor, adjust for number of shifts worked, divide
by the weight of one airframe plus spare parts, and multiply
by the number of months since production began to get the
total number of units produced.

This method, however, is a comparatively crude one, in
that it rolls into a single average some variables of consider-
able range—man-hours required per pound of production,
worker density on the production line, and man-hours worked
per month. In particular, it disregards the important in-
crease in rate of production that is always achieved as a plant
gains experience in building a new model. The graphic repre-
sentation of this phenomenon is called the learning curve. It
is the most important, versatile, and widely used of the many
statistical tools employed by the U.S. aircraft industry in fore-
casting, planning, and evaluating the production of airframes.

The Learning Curve

The formula for the learning curve expresses mathe-
matically a persistent and well-defined relationship between
the hours of labor expended directly on airframe building and
the number of airframes produced. With each doubling of
the cumulative number of airframes built, the man-hours re-
quired per pound of airframe suffer a percentage decrease
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that is constant for any particular model. If the man-hour
requirements decrease by 20 percent when twice as many
airframes have been built, the rate of learning is reflected in
what is called an 80-percent learning curve, because the direct
labor required to produce the second frame is only 80 per-
cent of that required for the first, that for the fourth only 80
percent of that for the second, that for the 400th only 80
percent of that for the 200th, and so forth. A relationshi

, ip
+u.0f this typegfeaturing successive:powers of#2;:has the con:

venient property of appearing as a straight line when graphed
on logarithmic scales. Graphed arithmetically it appears as a
curve of constantly changing slope as in Figure 1.

This form of the learning curve, which shows the man-

hours required to produce any one of the series of airframes,
is called a unit curve. There can also be constructed a cumu-
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Frcure 1. The 80-percent Learning Curve Plotted Arithmetically.
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lative total curve to show the cumulative total of man-hours
required for all airframes up through any given number in
the series. Both are illustrated in logarithmic representation
in Figure 2!

The learning curve can be applied in estimating the pro-
duction of a Soviet airframe plant with the assistance of four
other standard curves also derived from the World War II
and postwar experience of the U.S. afrframe industry, ‘These
represent: = = '

Man-hours per pound of airframe required for production of

the initial unit as a function of airframe weight (Fig-

ure 3). .
Floor area devoted directly to production as a function of
total covered floor area (Figure 4).

Square footage per direct worker on the largest shift as a
function of airframe weight (Figure 5).

Flow span (number of working days and cumulative man-
hours expended from start of fabrication to initial flight)
for the initial unit of production (Figure 6).

Crate and Coot.

The refined methodology based on these curves is in gen-
eral a matter of calculating the man-hours expended per
month against the man-hours required for the initial unit of
production and then, by application of the learning curve, for
subsequent units. It can be illustrated by an account of how

'The equation of the unit learning curve is
Y=aX*

where

Y=direct man-hours required to produce airframe unit number X,

a=direct man-hours required to produce unit number 1,

X=any number of units produced, and

n=the slope (tangent) of the learning curve (log of the percent of
the learning curve, expressed as a decimal, divided by log 2).

The cumulative total curve is closely aproximated by the definite
integral from the first unit minus one-half to the last unit plus one-
half. The integration gives the equation

—-—— a 1 im
=] R+ (%) ]

where y=total direct man-hours required to produce all units through
unit X, the other symbols remaining as above,
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Ficore 2. Cumulative and Unit 80-percent Learning Curves In Logarith-
mic Graph

it was used to estimate the production of the Soviet transport
planes I1-14 (Crate) and I1-18 (Coot) at Moscow Airframe
Plant No. 30. This estimate is a complex example in that it
covered the phasing of the Crate aircraft out of production
and the phasing of the new and much larger Coot in. In
March 1959, when the estimate was made, the following in-
formation pertaining to the problem was available.

The total covered floor at Plant No. 30 was about 1.6 million
square feet.

The plant was working two shifts per day.
The Crate airframe weighs about 16,000 pounds.

The first series-produced Crate was probably completed in
December 1956.
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In June 1956, according to the report of a visiting foreign
delegation, the plant was tooling for series production of

the Coot aircraft, and a prototype of the Coot was being
tested.

In March 1957 Crate aircraft continued to be assembled
while work on the Coot was in progress, it was reported
by other foreign visitors.

In April 1957 the new Coo proto:txypg was%seenb wf‘gﬁg&gg

The Coot was displayed publicly for the first time on 8 July
1957.

The Coot airframe weighs approximately 43,000 pounds.

The first series-produced Coot was probably completed in
either August or September 1957; on 21 September, ac-
cording to Tass, it successfully completed a test flight.
A conservative estimate sets the start of series produc-
tion at 1 September 1957,

That average parameters of production might be on the
low side when applied to Plant No. 30 was indicated by the
fact that it had received many awards for production and
about 1,500 people had worked there for more than 20 years.
On the other hand, negative allowances would have to be
made for handicaps to production of the large Coot imposed
by constrictions in Plant No. 30's final assembly building.
About 955 feet long, 155 wide, and 40 high, this building was
known to be interrupted by rows of columns, one of them
running lengthwise through the middle of the building. The
doors were only wide enough to accommodate the 104-foot
wing span of the Crate; the Coot had a wing span of 124 feet.
A foreign delegation visiting the plant in 1958 reported that
several chords and other portions of the roof trusses had been
cut out to allow the tail fins to protrude above the soffit of the
lower members. Openings had also been cut into one outside
wall, with lean-to’s built around them, to accommodate one
of the wings, the other being allowed to protrude through
the row of columns that ran down the middle of the bay. The
Coot fuselage was thus rendered immobile until the aircraft
had been assembled completely, and then the outboard por-
tions of the wings and the vertical tail assembly had to be
removed in order to get it outside,
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Crate Production

The application of the established parameter for man-hours
required per pound of production according to total afrframe
weight (see Figure 3) gave an estimate that the first Crate
airframe could have been produced for 20 man-hours per
pound. But Plant No. 30 was here following in the footsteps
of Tashkent Airframe Plant No. 84, the first to produce the

w44 Crate, andsUiS¥data indicate thal the seond biflder of the =

same aircraft requires for his initial unit of production only
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: 90 percent of the man-hours needed by the first. Thus Plant
No. 30 was estimated to have produced its initia} airframe at
18 man-hours per pound, a total of 288,000 man-hours for the
16,000-pound Crate. It remained to estimate the monthly
rate at which these man-hours were expended.

The relationship between total covered floor ares and that
devoted directly to production (see Figure 4), applied to the

1.6 million square feet of Plant No.;30, gave & productivéifioor

w4 gren of 850,000 sqiiare feet. TH relationship between square
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in an Airframe Plant

Direct Covarad Floor Ares  (Thouvsond Severe Fout)

Relationship Between Total Covered Floor Area and Direct Covered
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footage per direct worker and airframe weight (see Figure 5)
showed for the Crate a requirement of 200 square feet per
worker on the largest shift, which could thus use 3,250 work-
ers in the 650,000 square feet. On the assumption that the
second shift was 65 percent as large as the first, the total
number of direct workers was estimated to be 5,360.

These workers were each assumed to work 8 hours five days
per week and 6 hours on Saturday. Allowing 6 annual holi-
days, there would be 255 8-hour and 52 6-hour days, or a total
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of 2,352 hours, per year. A man’s average working time in
one month would then be 196 hours, which, however, was re-
duced by an 8-percent factor for direct workers doing indirect
work, on sick leave, on vacation, and on rest periods, to yield
180 hours per month per worker. Multiplication by the 5,360
men gave 965,000 man-hours per month expended on the Crate,
Allowing a 3.5-percent effort devoted to the production of

Spafbarts, theman-hours, per.m nth remaining 158
Wuctig%% ab%n’?fbsz,ooo.

Dividing into this monthly expenditure the 288,000 man-
hours calculated above to have been required for the initial
unit gave a ratio of effort expended to effort required ex-
pressed in percentage as 323.6. That is, the initial unit was
produced in December, 1955, at the rate of about 3% units

A schedule of Crate production could now have been com-
piled by accumulating the monthly expenditure of 323.6 per-
cent of first-unit requirements and converting this into units
of production in accordance with the 72.5 percent learning
curve. But by 1956 production of the Coot had also been be-
gun, and the full manpower in the plant was not being used on
the Crate. An estimate had first to be made of the manpower
requirements for production of the Coot in order to get a

figure for the remaining manpower available for work on the
Crate.

Coot Production

The initial unit of series production for the 43,000-pound
Coot airframe would, according to the curve of Figure 3, have

required 16 man-hours per pound, a total of about 688,000
man-hours,

hours required for initial unit production and working days
from start of fabrication to initial flight shown in Figure 6.
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The 688,000 man-hours expended on the first series-produced
Coot aircraft would, on the basis of experience in the U.S.
aircraft industry, mean that 460 working days were required.
Using a working day of 7.7 hours to allow for the short Satur-
day and the 196 hours per month calculated above for Crate
production, the total elapsed time for the first Coot was found
to be 18 months; but it was decided to increase this to 19
f,theshandicaps;under, whichithe. OO0t “was
= estimate, since it was established in
our data that the first unit was completed in September 1957,
put the start of fabrication sometime in February 1956.

Production of the Coot would have utilized about 240 .
square feet per worker on the largest shift, according to the
worker density curve of Figure §. With the productive floor
; area, 650,000 square feet, previously calculated for Plant No.
- 30 and again assuming the second shift to be at 65 percent

; the strength of the first, the total number of direct workers
j was estimated to be

650,000

X 1.85=4,570.

This figure was rounded off to 4,500 direct workers and multi-
plied as before by 180 hours per month to give 810,000 man-
hours for the monthly expenditure of effort. The allowance of
3.5 percent for production of spare parts left about 782,000
productive man-hours per month expended on Coot airframe
units.

The monthly expenditure of man-hours as a percentage of
man-hours required for the initial unit then equaled

182,000 X 100
688,000

glving a rate of production for the first unit of 1.137 units
. ; per month.

i The average learning curve of 74.5 percent, which had been

“ sharpened for the Crate, was slacked off to 76 percent in esti-

: mating Coot production to compensate for the handicaps under
which the aircraft was being assembled. Using this curve to
convert accumulated monthly expenditures of 113.7 percent
of first-unit man-hours into units produced, the schedule of
production shown in Table I was compiled.
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Table I
Schedule of Production of Coot Alrcraft
at Moscow Airframe Plant No. 30
September 1957-March 1959

8moothed
Cumula- Cumula- 8moothed Cumula-
tive tive Monthly Monthly tive
Year and Percent- Produc- Produc-  Produc- Produc-

Month age tion tion tion tion
Ry 1
1 1
2 2
3 2
2 3 9
3 3 12
4 3 15
3 4 19
4 4 23
4 4 27
$ 4 3
4 5 36
5 5 41
R 5 5 48
November ... 1,705.5 52 6 5 51
December ... 1,819.2 57 L3 (] 57
1959
January ..... 1,932.9 63 L ] 63
February .... 2,046.6 69 (] 8 89
March ...... 2,160.3 15 6 (] %
The Phasing Out

The device used to determine the number of man-hours
that were devoted each month beginning with February 1956 to
the Coot and therefore the number of workers out of the 5,360
total remaining available for Crate production was the Coot
work-in-process curve shown in Figure 7. Here the expended
cumulative percentages of first-unit man-hours represented
by deliveries were plotted by month from September 1957,
delivery date of the first completed unit. These form the
straight curve “Completion of Production.” Then each unit of
production was plotted horizontally to the left at a distance
representing the lapsed time from start of fabrication to com-
pletion, 19 months for the first' unit and reduced by a
learning curve for succeeding units. These form the “Loading
Line.” Perpendiculars were drawn to this curve from the
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Completion of Production line, and a third curve was drawn
through the mid-points of the perpendiculars and arbitrarily
faired from the origin to the first perpendicular. This is the
work-in-process curve.

number of man-months required for the initial unit (688,000
over 180) to give the number of workers absorbed each month
by the Coot. These were then subtracted each month begin-
ning with February 1956 from 5,360 to yield the manpower
base left for Crate production. The results of the calculation
are listed in Table II. ‘
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Validation

Information received since these estimates were made indi-
cates that at least 736 Crate aircraft were produced at Plant
No. 30. This figure compares well with the total of 746 in
Table II. The estimate of Coot production, however, was less
accurate; it was learned later that the second work shift at the
plant was probably discontinued in 1958. Production there-

=-fore reached a rate of 4 Cooginggg%month ‘not in April 1958 as £
estimated ‘but’ on]y in October. As of 1 October 1958 ‘the -

total produced is believed to have been 33 instead of the 41
given in Table I, and production remained constant at the
rate of 4 per month through 1960,

These results show that successful application of a meth-
odology is dependent on how well the seasoned judgment of the
analyst can cope with the imponderables and on the accuracy
of the intelligence information used in the calculations. Cal-
culations under any methodology, although useful in the
absence of more direct information, never preclude the need

for concrete and reliable intelligence on the production of
Soviet aircraft.
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